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© The present invention provides a fluid transfer- 
ring apparatus which achieves a second-dimensional 
flow of fluid with high efficiency and at low noise by 
imitating a Weis-Fogh mechanism with use of a 
simple mechanism. In the fluid transferring appara- 
tus, a wing assembly X comprising a predetermined 
number of plate-like wings 4 is provided in a trans- 
verse direction of a flow passage 2. The wing as- 
sembly X is supported by a link 5 of a crank 
mechanism Y1 which consists of a crank 6 rotated 
by a motor, a slider 8 slidable in a direction or- 
thogonal to a direction of a flow in a flow passage 2 , 
the link 5 coupling the crank 6 with the slider 8, so 
that rotational motion of the crank 6 is transmitted to 
the slider 8 as a reciprocal movement. While an 
angle of attack of each wing 4 is changed by the 
oscillating action of the link 5, each wing 4 is moved 
in a transverse direction of the flow passage 2 as the 
link 5 is reciprocated, thereby achieving transfer of 
fluid. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a fluid transfer- 
ring apparatus which transfers fluid with use of 
reciprocal motion of wings in a transverse direction 
in a flow passage, with imitating the flapping move- 
ment of bees. 

2. Description of the Prior Art 

A cross flow fan has conventionally been used, 
for example, in many of the air conditioners as a 
fluid transferring apparatus to realize a two-dimen- 
sional flow. In comparison with a propeller fan, a 
sirocco fan, etc. which achieves a three-dimen- 
sional flow, however, the cross flow fan is disad- 
vantageous in its low efficiency and restrictions on 
design. That is, although it is effective to enlarge 
the diameter of a fan in order to reduce noises, a 
large space is necessitated therefor and a shape of 
a scroll part, a stabilizer or the like gives great 
influences upon the efficiency of the cross flow fan. 

Therefore, a fluid transferring apparatus of a 
perfectly new type has been desired and a pro- 
posal for utilization of a so-called Weis-Fogh 
mechanism, e.g., as disclosed in Japanese Patent 
Laid-open Publication 64-107000 has been made to 
realize a second-dimensional flow with high effi- 
ciency and reduced noises. 

In the meantime, the Weis-Fogh mechanism 
referred to above is for realizing a new propelling 
method discovered when the flapping of bees is 
observed. As indicated in the above-mentioned pri- 
or art as well, according to the Weis-Fogh mecha- 
nism, two wings are provided within a flow passage 
and moved in parallel to each other in a manner to 
alternately be brought close and separated in a 
direction orthogonal to the flow passage, while an 
attack angle of each wing is changed at both ends 
of its stroke. 

However, a driving mechanism would be con- 
siderably complicate and hard to operate at high 
speeds if the wings were driven by mechanical 
means strictly in compliance with the Weis-Fogh 
mechanism. Therefore, no suitable example of ac- 
tual application of the Weis-Fogh mechanism has 
been embodied so far, and the above prior art also 
does not clearly disclose a concrete driving mecha- 
nism, thus calling for a technique enabling realiza- 
tion of the Weis-Fogh mechanism in a simple man- 
ner. 

SUMMARY OF THE INVENTION 

The object of the present invention is therefore 
to provide a fluid transferring apparatus which, re- 



alizing the Weis-Fogh mechanism by a mechanism 
simple in structure and able to operate at high 
speeds, achieves a second-dimensional flow with 
high efficiency and with reduced noises. 
5 In order to accomplish the above-described 

object, there is provided a fluid transferring appara- 
tus which comprises: 

a casing defining a flow passage of fluid; 

a wing assembly having at least one wing 
w provided in a transverse direction of the flow pas- 
sage; and 

a driving mechanism for moving the wing in a 
manner similar to when bees are flapping. 

It is preferable that the casing and the flow 
75 passage are rectangular in cross section. 

Further, it is preferable that the driving mecha- 
nism is provided in the vicinity of the casing and in 
a peripheral section of the flow passage. 

Furthermore, it is preferable that the driving 
20 mechanism is a crank mechanism consisting of a 
rotating crank, a crank pin, a guide member ex- 
tending in a transverse direction of the flow pas- 
sage, a slider guided by the guide member to slide 
in a transverse direction of the flow passage, and a 
25 link having one end thereof rotatably coupled to the 
crank pin and the other end thereof rotatably coup- 
led by a pin to the slider, and the wing of the wing 
assembly is mounted to the link of the crank 
mechanism. 

30 With the above structure, the link is recipro- 

cated in a direction approximately orthogonal to the 
flow passage while an inclining angle of the link is 
continuously changed as the crank is rotated by a 
motor, for example. Accordingly, the wing is recip- 

35 rocated in a direction transverse to the flow pas- 
sage from a top dead point to a bottom dead point 
while an inclining angle of the wing (namely, an 
attack angle) to the flow in the flow passage is 
continuously changed as the crank is rotated, 

40 whereby the fluid is transferred by the surface of 
the wing, that is to say, the air is supplied in a 
blower. 

Thus, a pseudo Weis-Fogh mechanism is pre- 
sented in the fluid transferring apparatus of the 

45 present invention, and therefore a second-dimen- 
sional flow can be positively and easily obtained 
with high efficiency and low noise. At the same 
time, since the crank mechanism itself is simple in 
structure and able to work at high speeds, it is 

50 easily applied to an actual transferring apparatus. 
Moreover, the transferring direction of a fluid can 
be changed with ease by controlling the rotational 
phase of the crank mechanism. Therefore, it is 
highly effective particularly when the fluid transfer- 

55 ring apparatus of the present invention is applied to 
an air conditioner fan. 

Further, it is preferable that the wing of the 
wing assembly is fixed to the link. 
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Further, it is preferable that the wing assembly 
has a plurality of wings which are parallel to each 
other and are fixed to the link. 

Furthermore, it is preferable that the wing is 
formed of flexible material, a front end of which is 
fixed to the link. 

Further, it is preferable that a front end of the 
wing is rotatably mounted to the link in a manner 
that a predetermined force is necessary to rotate 
the wing to the link. 

Further, it is preferable that a front end of the 
wing is rotatably mounted to the link by a pin, while 
a rear end of the wing is coupled to the link by a 
spring, thereby to control an angle of attack of the 
wing. 

Moreover, it is preferable that a front end of the 
wing is rotatably mounted to the link by a pin, while 
a rear end of the wing is coupled to the link by a 
leader, thereby to control an angle of attack of the 
wing. 

Further, it is preferable that a plurality of units 
each comprised of the crank mechanism and wing 
assembly are provided at both the upstream and 
the downstream sides of the flow passage, with 
rotational phase angles being made different 
among the cranks of the crank mechanisms in the 
plurality of units when the cranks are driven. 

With the above structure, a plurality of wing 
assemblies different in the operating phase are 
provided in the front of and in the rear of the flow 
passage, so that pulsation of transferring fluid can 
be restricted as much as possible, with a higher 
static pressure ensured, in comparison with the 
case where a single wing assembly is used. As a 
result, the fluid is transferred more stably with 
improved efficiency. 

Further, it is preferable that a plurality of units 
each comprised of the crank mechanism and wing 
assembly are provided in a transverse direction of 
the flow passage. 

Further, it is preferable that the units adjacent 
to each other are arranged in symmetric relation 
and driven in reverse rotational phase. 

Further, it is preferable that the driving mecha- 
nism is a crank mechanism consisting of a rotating 
link, a crank pin, a first link rotatably mounted at a 
fulcrum and a second link having one end thereof 
rotatably mounted to the crank pin and the other 
end thereof rotatably mounted to an end of the first 
link by a pin, and wherein the wing of the wing 
assembly is mounted to the second link. 

Moreover, it is preferable that the driving 
mechanism includes a swinging lever mounted to a 
shaft extending in a direction to traverse the flow 
passage, and wherein a front end of the wing of the 
wing assembly is mounted to the lever. 

Further, it is preferable that the front end of the 
wing is mounted to the lever in a rotatable manner. 



Further, it is preferable that a rear end of the 
wing is coupled to the lever with a spring, thereby 
to control an angle of attack of the wing. 

Further, it is preferable that a rear end of the 
s wing is coupled to the lever by a leader, thereby to 
control an angle of attack of the wing. 

Furthermore, it is preferable that the wing is 
formed of flexible material. 

Further, it is preferable that the wing is formed 
w of flexible material and mounted to the lever in a 
manner unable to rotate, with the wing extending 
along a center line of the lever in the natural state. 

Further, it is preferable that a central part of the 
lever is mounted to the shaft in a manner able to 
w swing, with front ends of the wings being mounted 
to either end of the lever. 

Further, it is preferable that the wings are 
formed of flexible material and have a front end 
fixed to either end of the lever, and the wings 
20 extend along a center line of the lever, with a rear 
end directed in a downstream direction of the flow 
passage in the natural state. 

Further, it is preferable that the lever is a T- 
shaped figure having a projecting part which pro- 
25 jects from a central part of the lever, and wherein 
the driving mechanism is a crank mechanism con- 
sisting of the T-shaped lever, a rotating crank, a 
crank pin, and a link having one end thereof 
rotatably mounted to the crank pin and the other 
30 end thereof rotatably mounted to an end of the 
projecting part by a pin. 

Furthermore, it is preferable that the driving 
mechanism is a crank mechanism consisting of the 
lever, a crank, a crank pin and a link having one 
35 end thereof rotatably mounted to the crank pin and 
the other end thereof rotatably mounted to the 
lever by a pin. 

Further, it is preferable that the other end of 
the link is rotatably mounted to an end of the lever 
40 where the wing is mounted. 

Further, it is preferable that a groove is formed 
in the lever, and the driving mechanism is a crank 
mechanism consisting of the lever, a rotating crank, 
and a crank pin sliding in the groove of the lever. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will become clear from the follow- 
50 ing description taken in conjunction with the pre- 
ferred embodiments thereof with reference to the 
accompanying drawings throughout which like 
parts are designated by like reference numerals, 
and in which: 

55 Fig. 1 is a front view of a fan according to a first 
embodiment of the present invention; 
Fig. 2 is a cross sectional view taken on line ll-ll 
of Fig. 1; 
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Figs. 3-6 are explanatory diagrams of the opera- 
tion of the fan of Fig. 1 ; 

Fig. 7 is a cross sectional view of a modified 
example of the fan of Fig. 1 ; 
Fig. 8 is a cross sectional view of a fan accord- 
ing to a second embodiment of the present 
invention; 

Fig. 9 is a cross sectional view of a modification 
of the fan of Fig. 8; 

Fig. 10 is a cross sectional view of a fan accord- 
ing to a third embodiment of the present inven- 
tion; 

Figs. 11 and 12 are cross sectional views of 
modifications of the fan of Fig. 10; 
Fig. 13 is a cross sectional view of a fan accord- 
ing to a fourth embodiment of the present inven- 
tion; 

Fig. 14 is a cross sectional view of a fan accord- 
ing to a fifth embodiment of the present inven- 
tion; 

Figs. 15 and 16 are explanatory diagrams of the 
fan of Fig. 14; 

Figs. 17 and 18 are diagrams of modifications of 
the fan of Fig. 14; 

Fig. 19 is a cross sectional view of a fan accord- 
ing to a sixth embodiment of the present inven- 
tion; 

Figs. 20 and 21 are explanatory diagrams of 
modifications of the fan of Fig. 19; 
Fig. 22 is a cross sectional view of a fan accord- 
ing to a seventh embodiment of the present 
invention; 

Figs. 23 and 24 are explanatory diagrams of the 
fan of Fig. 22; 

Figs. 25 and 26 are diagrams of modifications of 
the fan of Fig. 22; 

Fig. 27 is a cross sectional view of a fan accord- 
ing to an eighth embodiment of the present 
invention; 

Fig. 28 is a cross sectional view of a fan accord- 
ing to a ninth embodiment of the present inven- 
tion; 

Figs. 29 and 30 are a front view and a cross 
sectional view of a modification of the fan of Fig. 
28; 

Fig. 31 is a cross sectional view of a fan accord- 
ing to a tenth embodiment of the present inven- 
tion; 

Fig. 32 is a cross sectional view of a variation of 
the fan of Fig. 31; and 

Fig. 33 is a cross sectional view of a fan accord- 
ing to an 11th embodiment of the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, a fluid transferring apparatus according to 



preferred embodiments of the present invention will 
be discussed in detail with reference to the accom- 
panying drawings. 

5 [First Embodiment] 

In Figs. 1 and 2, there is shown a fan 1 as a 
fluid transferring apparatus according to a first em- 
bodiment of the present invention. The fan 1 re- 

w alizes a second-dimensional flow of a fluid with 
high efficiency at low level of noise by simulating a 
so-called Weis-Fogh mechanism with use of a 
mechanism simple in structure and able to operate 
at high speeds. The fan 1 is provided with a wing 

75 assembly X to be described later which is arranged 
within a flow passage 2 of a rectangular cross 
section defined by a casing 101 of a rectangular 
cross section and, a crank mechanism Y to be 
described later which reciprocates each wing of the 

20 wing assembly X in a transverse direction of the 
flow passage while an attack angle of the wing is 
changed. 

The wing assembly X has three wings 4, 4, .., 
each with a predetermined chord length in a 

25 streamlined cross section, aligned in parallel in a 
thicknesswise direction of the wings with a pre- 
determined distance. Each wing 4, 4, .. of the wing 
assembly X is mounted within the flow passage 2 
in a direction crossing the flow passage in a width- 

30 wise direction while both ends of the wing are 
supported by the crank mechanism Y1. Both sur- 
faces of each wing 4, 4, .. are selectively turned to 
be a positive pressure face and therefore, each 
wing is a symmetric wing having a symmetric 

35 cross section to the chord of the wing. 

The crank mechanism Y1 referred to above is 
constituted of a disk-shaped crank 6 supported 
rotatably in a lower part of a side wall 3 of the flow 
passage 2, a slider 8 slidably supported to a guide 

40 rail 9 which extends in a vertical direction of the fan 
1 in an upper part of the side wall 3 to be over- 
lapped with the crank 6 in the vertical direction, 
and a link 5 of a predetermined length having one 
end coupled to an outer peripheral edge of the 

45 crank 6 via a crank pin 7 and the other end 
coupled relatively rotatably to the slider 8 by a pin 
108. The rotational motion of the crank 6 is trans- 
mitted to the slider 8 via the link 5 as the reciprocal 
movement of the slider 8 in the vertical direction of 

50 the fan 1 . 

According to the first embodiment, the crank 
mechanism Y1 of the above-described structure is 
provided respectively at each side wall 3 of the 
flow passage 2. One crank mechanism Y1 is driven 

55 directly by a motor 10, while the other crank 
mechanism Y1 is driven by the one crank mecha- 
nism Y1 via the wing assembly X. Needless to say, 
such a modified arrangement is possible, for exam- 
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pie, if the wing assembly is relatively long, that the 
crank mechanisms Y1, Y1 are synchronously 
driven by respective motors 10, 10 so as to lessen 
the force impressed to each wing 4, 4, ... 

Right and left ends of each wing 4, 4, .. of the 
wing assembly X are fixed to the links 5, 5 of the 
crank mechanisms Y, Y1 at the right and left side 
walls 3, 3 of the flow passage 2. In this case, each 
wing is mounted approximately with 90° to the link 
5 in order that the attack angle of the wing 4 to the 
fluid in the flow passage 2 (i.e., transferring effi- 
ciency of the wing 4) becomes equal to each other 
between when the crank pin 7 is moved from a top 
dead point to a bottom dead point and when the 
crank pin 7 is moved from a bottom dead point to a 
top dead point. 

The driving state of the above fan 1 will be 
described with reference to Figs. 3-6. Referring first 
to Fig. 3 which illustrates a first driving step, the 
crank pin 7 is at the bottom dead point, and each 
wing 4 of the wing assembly X is held in parallel to 
the flow of the fluid in the lower part of the flow 
passage 2. Therefore, the resistance to the flow by 
the wings 4, 4, .. is reduced as much as possible. 

When the first step is changed to a second 
step shown in Fig. 4 as the crank 6 is rotated in a 
direction of an arrow by the motor 10, the link 5 of 
the crank mechanism Y1 is inclined upward in the 
forward direction of the flow, with the inclining 
angle being continuously changed. Accordingly, 
each wing 4 of the wing assembly X supported by 
this link 5 is moved to the upper part of the flow 
passage 2 crossing the flow passage 2 while the 
attack angle at the upper surface of the wing 01 is 
continuously changed. In consequence, the air is 
transferred. This feeding action of the air is contin- 
ued until the crank pin 7 reaches a top dead point 
in a third step (referring to Fig. 5). When the crank 
pin 7 reaches the top dead point, the feeding 
action by the wing is stopped. However, each wing 
is turned in parallel to the flow in the flow passage 
2 and therefore gives little resistance to the flow of 
the air obtained so far. Accordingly, the pulsation in 
the air flow is prevented as much as possible. 

When the crank 6 is further rotated and the 
crank pin 7 is moved from the top dead point to 
the bottom dead point in a fourth step (referring to 
Fig. 6), the link 5 of the crank mechanism Y1 is 
inclined downward in the forward direction of the 
flow and the inclining angle of the link 5 is continu- 
ously changed. As a result, each wing 4 of the 
wing assembly X is moved downward while the 
attack angle at the lower surface of the wing 01 is 
continuously changed, thereby performing a trans- 
fer of the air. The air is kept feeding until the crank 
pin 7 is returned to the bottom dead point again 
(referring to Fig. 3). 

As the wings of the wing assembly X are 



reciprocated by the crank mechanisms Y1, Y1 in 
the vertical direction within the flow passage 2 
while the attack angles of the wings are continu- 
ously changed as described hereinabove, the con- 

5 tinuous transfer of the air is thus achieved. 

Fig. 7 shows a modified embodiment of the fan 
1 of Fig. 1. More specifically, as compared with the 
first embodiment wherein the crank pin 7 is pro- 
vided at one end of the link 5, the crank pin 7 is 

w set in the middle of the link 5 in this modified 
embodiment. In the structure of Fig. 7, if the os- 
cillating angle of the link 5 is the same as in Fig. 1, 
the crank 6 becomes smaller in diameter, so that 
the fan 1 can be made compact in size. 

15 

[Second Embodiment] 

Fig. 8 is a cross sectional view of a fan 1 
according to a second embodiment of the present 

20 invention. Although one unit of the wing assembly 
X and crank mechanism Y1 coupled to the wing 
assembly X (referred to as a fan unit hereinafter) is 
provided in the first embodiment, there are pro- 
vided two fan units Z1, Z2 at both the upstream 

25 and the downstream sides of the flow passage 2 in 
the second embodiment. These fan units Z1, Z2 
are mounted reverse to each other in the vertical 
direction and rotated in the reverse phase. 

In the above-described structure, since the air 

30 is fed by two fan units Z1, Z2, i.e., the air is 
pressured in two stages, a larger static pressure is 
obtained, as compared with the case that only one 
fan unit is used. Moreover, since the two units Z1 , 
Z2 are rotated reverse in phase, the pulsation in 

35 the air flow is more restricted, thereby realizing a 
stable flow of the air. 

Fig. 9 is a modified example of Fig. 8, wherein 
two fan units Z1, Z2 are arranged in the same 
vertical direction (i.e., two or more pairs of the fan 

40 unit of the first embodiment are arranged with a 
predetermined distance). The rotational direction is 
made the same, but the rotational phase difference 
is suitably set. Accordingly, the pulsation in the air 
flow is restrained and the static pressure is kept 

45 large. 

[Third Embodiment] 

A fan of a third embodiment of the present 
50 invention is, as indicated in Fig. 10, so constituted 
that two fan units Z1 , Z2 are provided up and down 
to traverse the flow passage 2. The fan units Z1, 
Z2 are symmetric to a direction of the air flow. The 
cranks 6, 6 adjacent to each other are driven in the 
55 reverse direction, that is, in the reverse phase, 
thereby to transfer the air. Accordingly, the trans- 
ferring amount of the air is increased. 

Fig. 11 is a modification of the fan of Fig. 10, 
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which is different from Fig. 10 in that the sliders 8, 
8 are provided adjacent to each other. 

In a further modification shown in Fig. 12, there 
are six fan units Z1, Z2, Z3, .. Z6 provided in a 
transverse direction of the flow passage 2. The 
adjacent two fan units are symmetric to each other 
to the flow of the flow passage 2, and driven in the 
reverse phase. A numeral 110 designates a flow 
rectifier plate. 

[Fourth Embodiment] 

A fan according to a fourth embodiment of the 
present invention is shown in Fig. 13. A crank 
mechanism Y2 of Fig. 13 is constituted of a crank 
6, a crank pin 7, a first link 116 mounted rotatably 
to a fulcrum 115 and a second link 5 having one 
end thereof rotatably mounted to the crank pin 7 
and the other end thereof rotatably provided to an 
end of the first link 1 1 6 by a pin 1 1 7. 

The crank mechanism Y2 operates as a 
quadric crank chain. 

[Fifth Embodiment] 

In a fifth embodiment of a fan shown in Fig. 14, 
a driving mechanism Y3 is comprised of a shaft 
201 extending in a direction intersecting the flow 
passage 2 and a lever 202. The lever 202 is 
swayed at its center around the shaft 201 by a 
swing motor (not shown), although it is possible to 
swing the lever 202 by a crank mechanism, as 
described later. A front end part of each wing 4 is 
mounted to each end of the lever 202 by a pin 203, 
so that the wing 4 is rotated when receiving a 
predetermined force which is set, for instance, by 
adjusting the friction force between the pin 203 and 
wing 4. 

The swinging motion of the lever 202 causes 
the wings 4, 4 to move similarly to the flapping 
bees. Concretely, with reference to Figs. 15 and 
16, when the pin 203 is moved downward, the 
horizontal wing 4 receives a repulsive force from 
the fluid thereby to rotate upwards, and vice versa. 

Fig. 17 is a modified example of Fig. 14, in 
which a rear end of the wing 4 is coupled to the 
lever 202 by a coil spring 205 so that the attack 
angle of the wing 4 is held within 30°. The attack 
angle may be within 45°. In addition, a frond end 
or a center part of the wing 4 may be coupled to 
the lever 202 by a coil spring, although it is not in 
figures. 

In Fig. 18, the coil spring 205 of Fig. 17 is 
replaced with a leader 206. 

[Sixth Embodiment] 

According to a sixth embodiment of a fan of 



Fig. 19, a wing 240 is formed of flexible material, 
and this is a sole difference from Fig. 14. When the 
lever 202 is rotated in a direction of an arrow, the 
wing 240 is bent as shown in Fig. 19 since it is 
5 formed of flexible material. 18 

In Figs. 20 and 21, the wing 4 of Figs. 17 and 
18 is replaced with a flexible wing 240, respec- 
tively. 

w [Seventh Embodiment] 

As indicated in Fig. 22, according to a seventh 
embodiment of the present invention, each wing 
240 is formed of flexible material, a front end part 

75 of which is rigidly fixed to an end of the lever 202 
by a fixing pin 213 in a manner not to be rotatable. 
In the natural state, the wings 240 extend along the 
center line of the lever 202 and moreover, rear end 
parts of the wings 240 are directed in the same 

20 downstream direction. 

As the lever 202 is swinged, the wings 240 are 
moved in a manner similar to when the bees are 
flapping. That is, referring to Figs. 23 and 24, when 
the horizontal wing 240 is moved downward, it 

25 receives a repulsive force from the fluid and is 
accordingly rotated upward as indicated in Fig. 24. 
The same goes true if the wing 240 is moved in 
the opposite direction. 

Fig. 25 is a modification of Fig. 22, wherein a 

30 rear end of the wing 240 and the lever 202 are 
coupled with each other by a coil spring 205, so 
that the attack angle of the wing 240 is kept within 
30°. However, the attack angle of the wing 240 
may be held within 45° . 

35 Further in Fig. 26, the coil spring 205 of Fig. 25 

is replaced with a leader 206. 

Further, alternatively, a front end or a center 
part of the wing 260 may be coupled to the lever 
202 by either a coil spring or a leader. 

40 

[Eighth Embodiment] 

Fig. 27 represents an eighth embodiment of 
the present invention. The eighth embodiment is 
45 different from the first embodiment of Figs. 1 and 2 
only in that a front end part of the wing 240 made 
of flexible material is fixed to the link 5. 

[Ninth Embodiment] 

50 

Referring to Fig. 28, a T-shaped lever 222 of a 
fan according to a ninth embodiment of the present 
invention has a projecting part 222a which projects 
in a direction perpendicular to the central part of 
55 the lever 222. A crank mechanism Y3 consists of 
the T-shaped lever 222, a rotary crank 60, a crank 
pin 7 and a link 5. One end of the link 5 is rotatably 
mounted to the crank pin 7, while the other end of 



6 



11 



EP 0 517 249 A2 



12 



the link 5 is rotatably mounted to a front end of the 
projecting part 222a of the lever 222 by a pin 108. 
The crank mechanism Y3 operates in the same 
manner as in the fifth embodiment shown in Figs. 
14-16. 

In a modified embodiment of Figs. 29 and 30, 
a coil spring 205 is utilized so as to control the 
attack angle of the wing 4. A reference numeral 
219 in Fig. 29 denotes a bearing which supports a 
shaft 201 . 

[Tenth Embodiment] 

According to a tenth embodiment shown in Fig. 
31, the wing 4 is allowed to flap like bees by a 
crank mechanism Y4. The crank mechanism Y4 is 
comprised of a lever 202 supported at a fulcrum 
201 in a swinging fashion, a crank 60, a crank pin 7 
and a link 301 with one end rotatably mounted to 
the crank pin 7 and the other end rotatably moun- 
ted at the intermediate point between a front end 
and the center of the lever 202 by a pin 299. The 
operation of the crank mechanism Y4 is the same 
as the crank mechanism Y3 in the fifth embodiment 
shown in Figs. 14-16. 

Fig. 32 is a modification of Fig. 31. An end of a 
link 302 is coupled to an end of the lever 202 by a 
pin 203 so as to prevent the end of the lever 202 
from oscillating. Also, the crank 60 is disposed 
outside the casing 101 so as to reduce resistance 
against a flow. 

[11th Embodiment] 

As shown in Fig. 33, a crank mechanism Y5 of 
a fan according to an 11th embodiment of the 
present invention is comprised of a lever 302 hav- 
ing a groove 302a and swinging at a fulcrum 201 , a 
rotating crank 60, and a crank pin 7 sliding in the 
groove 302a of the lever 302. The wings 4 are 
moved in such a manner as if bees were flapping. 

Although the wing assembly X is constituted of 
two or three sheets of wings 4, 4, .. in any of the 
foregoing embodiments, the present invention is 
not restricted to this number of wings, and the 
number of wings may be set suitably correspond- 
ing to the desired transferring amount of air or 
static pressure, etc. It is needless to say that the 
wing assembly X may be formed of four or more 
wings, or a single sheet of wing may be provided 
at either of the upstream and downstream sides of 
the lever. Moreover, the chord length of the wing 
may be set suitably. 

The fluid transferring apparatus of the present 
invention is embodied in fan in the description 
hereinabove. However, the present invention is ap- 
plicable, for example, to a pump or the like. 

Although the present invention has been fully 



described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the 
5 art. Such changes and modifications are to be 
understood as included within the scope of the 
present invention as defined by the appended 
claims unless they depart therefrom. 

w Claims 

1. A fluid transferring apparatus which comprises: 
a casing defining a flow passage of fluid; 
a wing assembly having at least one wing 
w provided in a transverse direction of the flow 

passage; and 

a driving mechanism for moving the wing 
in a manner similar to when bees are flapping. 

20 2. A fluid transferring apparatus as set forth in 
claim 1, wherein the casing and the flow pas- 
sage are rectangular in cross section. 

3. A fluid transferring apparatus as set forth in 
25 claim 1 , wherein the driving mechanism is pro- 
vided in the vicinity of the casing and in a 
peripheral section of the flow passage. 

4. A fluid transferring apparatus as set forth in 
30 claim 1, wherein the driving mechanism is a 

crank mechanism consisting of a rotating 
crank, a crank pin, a guide member extending 
in a transverse direction of the flow passage, a 
slider guided by the guide member to slide in 

35 a transverse direction of the flow passage, and 

a link having one end thereof rotatably coupled 
to the crank pin and the other end thereof 
rotatably coupled by a pin to the slider, and 
wherein the wing of the wing assembly is 

40 mounted to the link of the crank mechanism. 

5. A fluid transferring apparatus as set forth in 
claim 4, wherein the wing of the wing assem- 
bly is fixed to the link. 

45 

6. A fluid transferring apparatus as set forth in 
claim 4, wherein the wing assembly has a 
plurality of wings which are parallel to each 
other and are fixed to the link. 

50 

7. A fluid transferring apparatus as set forth in 
claim 5, wherein the wing is formed of flexible 
material, a front end of which is fixed to the 
link. 

55 

8. A fluid transferring apparatus as set forth in 
claim 4, wherein a front end of the wing is 
rotatably mounted to the link in a manner that 



7 



13 



EP 0 517 249 A2 



14 



a predetermined force is necessary to rotate 
the wing to the link. 

9. A fluid transferring apparatus as set forth in 
claim 4, wherein a front end of the wing is 
rotatably mounted to the link by a pin, while 
the wing is coupled to the link by a spring, 
thereby to control an angle of attack of the 
wing. 

10. A fluid transferring apparatus as set forth in 
claim 4, wherein a front end of the wing is 
rotatably mounted to the link by a pin, while 
the wing is coupled to the link by a leader, 
thereby to control an angle of attack of the 
wing. 

11. A fluid transferring apparatus as set forth in 
claim 4, wherein a plurality of units each com- 
prised of the crank mechanism and wing as- 
sembly are provided at both the upstream and 
the downstream sides of the flow passage, with 
rotational phase angles being made different 
among the cranks of the crank mechanisms in 
the plurality of units when the cranks are 
driven. 

12. A fluid transferring apparatus as set forth in 
claim 4, wherein a plurality of units each com- 
prised of the crank mechanism and wing as- 
sembly are provided in a transverse direction 
of the flow passage. 

13. A fluid transferring apparatus as set forth in 
claim 12, wherein the units adjacent to each 
other are arranged in symmetric relation and 
driven in reverse rotational phase. 

14. A fluid transferring apparatus as set forth in 
claim 1, wherein the driving mechanism is a 
crank mechanism consisting of a rotating link, 
a crank pin, a first link rotatably mounted at a 
fulcrum and a second link having one end 
thereof rotatably mounted to the crank pin and 
the other end thereof rotatably mounted to an 
end of the first link by a pin, and wherein the 
wing of the wing assembly is mounted to the 
second link. 

15. A fluid transferring apparatus as set forth in 
claim 1, wherein the driving mechanism in- 
cludes a swinging lever mounted to a shaft 
extending in a direction to traverse the flow 
passage, and wherein a front end of the wing 
of the wing assembly is mounted to the lever. 

16. A fluid transferring apparatus as set forth in 
claim 15, wherein the front end of the wing is 



mounted to the lever in a rotatable manner. 

17. A fluid transferring apparatus as set forth in 
claim 16, wherein the wing is coupled to the 

5 lever with a spring, thereby to control an angle 

of attack of the wing. 

18. A fluid transferring apparatus as set forth in 
claim 16, wherein the wing is coupled to the 

w lever by a leader, thereby to control an angle 

of attack of the wing. 

19. A fluid transferring apparatus as set forth in 
one of the claims 16 to 18, wherein the wing is 

75 formed of flexible material. 

20. A fluid transferring apparatus as set forth in 
claim 15, wherein the wing is formed of flexible 
material and mounted to the lever in a manner 

20 unable to rotate, with the wing extending along 

a center line of the lever in the natural state. 

21. A fluid transferring apparatus as set forth in 
claim 15, wherein a central part of the lever is 

25 mounted to the shaft in a manner able to 

swing, with front ends of the wings being 
mounted to either end of the lever. 

22. A fluid transferring apparatus as set forth in 
30 claim 21, wherein the wings are formed of 

flexible material and have a front end fixed to 
either end of the lever, and wherein the wings 
extend along a center line of the lever, with a 
rear end directed in a downstream direction of 
35 the flow passage in the natural state. 

23. A fluid transferring apparatus as set forth in 
claim 22, wherein the lever is a T-shaped 
figure having a projecting part which projects 

40 from a central part of the lever, and wherein 

the driving mechanism is a crank mechanism 
consisting of the T-shaped lever, a rotating 
crank, a crank pin, and a link having one end 
thereof rotatably mounted to the crank pin and 

45 the other end thereof rotatably mounted to an 

end of the projecting part by a pin. 

24. A fluid transferring apparatus as set forth in 
claim 15, wherein the driving mechanism is a 

50 crank mechanism consisting of the lever, a 

crank, a crank pin and a link having one end 
thereof rotatably mounted to the crank pin and 
the other end thereof rotatably mounted to the 
lever by a pin. 

55 

25. A fluid transferring apparatus as set forth in 
claim 24, wherein the other end of the link is 
rotatably mounted to an end of the lever where 
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the wing is mounted. 

26. A fluid transferring apparatus as set forth in 
claim 15, wherein a groove is formed in the 
lever, and the driving mechanism is a crank 
mechanism consisting of the lever, a rotating 
crank, and a crank pin sliding in the groove of 
the lever. 
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Fig . 3 
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Fig . 12 
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